
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
48

2 
48

7
A

1
*EP001482487A1*
(11) EP 1 482 487 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
01.12.2004 Bulletin 2004/49

(21) Application number: 03743615.1

(22) Date of filing: 05.03.2003

(51) Int Cl.7: G11B 7/005, G11B 7/0045,
G11B 20/10

(86) International application number:
PCT/JP2003/002585

(87) International publication number:
WO 2003/075264 (12.09.2003 Gazette 2003/37)

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PT SE SI SK TR
Designated Extension States:
AL LT LV MK

(30) Priority: 05.03.2002 JP 2002058517

(71) Applicant: Ricoh Company, Ltd.
Tokyo 143-8555 (JP)

(72) Inventor: MAEGAWA, Hiroshi
Yokohama-shi, Kanagawa 223-0056 (JP)

(74) Representative: Mounteney, Simon James
MARKS & CLERK,
57-60 Lincoln’s Inn Fields
London WC2A 3LS (GB)

(54) LIGHT CLOCK GENERATING CIRCUIT AND OPTICAL DISK UNIT

(57) A write clock generation circuit is provided that
can detect wobble signal in high accuracy and can ap-
propriately generate write clock with only small jitter
even when the operation is switched from reproduction
to recording. The wobble signal is obtained by changing
stepwise the gain of a variable gain amp in the rear stage
of a divided photo detector using a gain control circuit
in a predetermined time period just after the beginning

of recording. The write clock signal is generated using
the above wobble signal. According to this arrange-
ments, the change in wobble signal just before and after
the beginning of recording can be reduced, and the gain
change of a wobble signal amplitude regulation AGC is
made slow. As a result, high frequency deviation of the
wobble signal can be reduced even when the operation
is switched from reproduction to recording, and the write
clock with only small jitter can be generated.



EP 1 482 487 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a write clock
generation circuit that generates write clock based on
wobble signal acquired from wobbling track on a record-
ing medium. The present invention further relates to an
optical disk apparatus provided with the write clock gen-
eration circuit.

BACKGROUND ART

[0002] Information storage apparatuses (optical disk
apparatuses) are practically used that write information
on an optical disk, or read information written on an op-
tical disk using a laser beam output from an optical pick-
up.
[0003] As the performance of personal computers
(PC) is being improved, the personal computers be-
come more capable of handling even audio-visual infor-
mation such as music and video. Audio-visual informa-
tion is usually very large in memory size. Optical disks
have drawn attention as recording media for storing au-
dio-visual information. Because the cost of optical disks
is being reduced, as well as their high memory capacity,
optical disk apparatuses have became the popular pe-
ripherals of personal computers.
[0004] Typically, a rewritable recording medium such
as a CD-R/RW disk (Compact Disk-Recordable/Rewri-
table), a DVD-R/RW disk (Digital Versatile Disk), and a
DVD+R/RW disk, is formatted so that, when rotated in
a constant linear velocity mode, wobble signal detected
from wobbling tracks formed on the recording medium
becomes constant in order to accurately detect the lin-
ear velocity at each radial position.
[0005] Wobble signal always needs to be detected,
regardless of reading or writing. However, data written
on the recording medium and/or modulated laser beam
for writing data become the source of noise, and may
degrade the quality of wobble signal. That is, wobble sig-
nal is included in reflective light from a track, but the re-
flective light complicatedly includes components that
becomes noise to the wobble signal due to data written
on the optical disk and/or the power modulation of laser
beam for writing data on the optical disk.
[0006] Wobble signal is generally extracted in the fol-
lowing manner. The reflective light from a track is re-
ceived by a photo detector divided into two parts with
respect to tangential direction to the track. Noise com-
ponent included in the reflective light is removed by sub-
tracting output signal from one part of the divided photo
detector from output signal from the other part.
[0007] Before an optical disk apparatus is shipped
from a manufacturing plant, the divided photo detector
is aligned so that the reflective light from a track hits the
center of the photo detecting surface of the divided pho-
to detector. However, the reflective light may deviate

from the center of the photo detecting surface due to
temperature change during operation and/or change
over time due to vibration. In such a case, because the
output signal from each part of the divided photo detec-
tor includes different noise component, the noise com-
ponents may remain un-canceled even if output signal
of one part is subtracted from output signal of the other.
[0008] To solve such a problem, Japanese Laid-Open
Patent Application No. 8-194969, for example, disclos-
es a method of detecting wobble signal in which data
signal component can be clearly removed by normaliz-
ing (so-called amplitude regulation automatic gain con-
trol (AGC)) the amplitude of output signals from a photo
detector divided in the tangential direction of a track and
by generating the wobble signal based on the difference
between the output signals. This application further dis-
closes an embodiment in which, when an optical disk
on which data has not yet been written is read, amplitude
regulation AGC is not used since the data signal com-
ponent does not need to be removed. A determination
is made of whether the amplitude regulation AGC circuit
is used based on a determination of whether data has
been written on the optical disk.
[0009] This application No. 8-194969 provides a
method of detecting wobble signal in which wobble sig-
nal of high quality can be obtained during reproduction
of signal from an optical disk. However, the method dis-
closed in this application is not applicable to wobble sig-
nal detection while data is being written.
[0010] Particularly, the above method does not take
into account the switching of operation from data-read-
ing to data-writing, and fails to obtain good wobble signal
during time period in which reproduction is ended and
recording is started. As a result, accurate write clock
cannot be generated based on such a wobble signal of
low quality. That is to say, laser power for data-reading
is different from laser power for data-writing, and as a
result, the levels of detected wobble components are dif-
ferent. As will be appreciated, when operation is
switched from data-reading to data-writing, if the oper-
ation is not adequately controlled, the slice voltage of
made-binary wobble signal may be deviated (hystere-
sis, for example). The deviation may cause jitter (devi-
ation over time) , which may result in that PLL circuit fails
to lock in write clock and operates unstably.

DISCLOSURE OF THE INVENTION

[0011] It is an object of the present invention to pro-
vide a write clock generation circuit that can detect wob-
ble signal at high accuracy even in time in which oper-
ation is switched from data-reading to data-writing, and
generate suitable write clock containing only a little jitter.
Another object of the present invention is to provide an
optical disk apparatus that is provided with such a write
clock generation circuit.
[0012] At the same time, according to the present in-
vention, a write clock generation circuit of which circuit
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scale can be made more compact can be provided.
[0013] According to the present invention, a write
clock generation circuit that can generate accurate write
clock regardless of whether data has been written on
the recording medium or not.
[0014] According to the present invention, a write
clock generation circuit that ensures to prevent PLL cir-
cuit from being out of lock, and can generate write clock
with only a little jitter.
[0015] According to an aspect of the present inven-
tion, a write clock generation circuit for generating write
clock from wobble signal based on a wobbling track
formed on a recording medium includes: two variable
gain amps that amplify respective signals from a photo
detector divided into two portions with a dividing line in
a tangential direction of the track at a determined gain;
a gain control circuit that determines the gain of the var-
iable gain amps in a particular period immediately after
data-writing has been started by varying the gain of the
variable gain amps stepwise; a subtractor that produces
wobble signal by subtracting outputs from the respective
variable gain amps; a wobble amplitude regulation AGC
circuit that automatically controls gain thereof so as to
regulate amplitude of the wobble signal output there-
from; a making-binary circuit that digitizes signals output
from the wobble amplitude regulation AGC circuit into
made-binary wobble signal; and a PLL circuit that gen-
erates write clock using the made-binary wobble signal
as a reference.
[0016] The write clock is generated based on a wob-
ble signal obtained by changing stepwise the gain of the
variable gain amps at the rear stage of the divided photo
detectors by the gain control circuit in a predetermined
time period just after the beginning of recording. Accord-
ing to this arrangement, the change in the wobble signal
can be reduced just before and after the beginning of
recording, and the change in the gain of wobble signal
amplitude regulation AGC circuit can be made slow. Ac-
cordingly, the high frequency deviation of the wobble fre-
quency can be reduced even when the operation is
switched between reproduction and recording, which re-
sults in the generation of write clock with only small jitter.
Once the gain of the variable gain amps is changed
stepwise for the last time, appropriate signal level can
be sustained, which results in the generation of steady
write clock.
[0017] According to another aspect of the present in-
vention, a write clock generation circuit for generating
write clock from wobble signal based on a wobbling
track formed on a recording medium includes: a sub-
tractor that produces wobble signal by subtracting re-
spective signals from a photo detector divided into at
least two portions with a dividing line in a tangential di-
rection of the track; a variable gain amp that amplifies
the wobble signal output from the subtractor at a deter-
mined gain; a gain control circuit that determines the
gain of the variable gain amps in a particular period im-
mediately after data-writing has been started by varying

the gain of the variable gain amps stepwise; a wobble
amplitude regulation AGC circuit that automatically con-
trols gain thereof so as to regulate amplitude of the wob-
ble signal output from the variable gain amp; a making-
binary circuit that digitizes signals output from the wob-
ble amplitude regulation AGC circuit into made-binary
wobble signal; and a PLL circuit that generates write
clock using the made-binary wobble signal as a refer-
ence.
[0018] The write clock is generated based on a wob-
ble signal obtained by changing stepwise the gain of the
variable gain amps at the rear stage of the divided photo
detectors by the gain control circuit in a predetermined
time period just after the beginning of recording. Accord-
ing to this arrangement, although the write clock gener-
ation circuit becomes compact, the same function and
effect can be achieved.
[0019] According to yet another aspect of the present
invention, either one of the above write clock generation
circuits may be characterized in that the gain control cir-
cuit once reduces the gain of the variable gain amps to
a level lower than a gain level of data-reading in the par-
ticular period immediately after data-writing has been
started, and increases stepwise the gain of the variable
gain amps to a gain level of data-reading.
[0020] The wobble signal input to the variable gain
amp is great just after the beginning of recording. If the
gain is set is lower than the gain of reproduction opera-
tion, the wobble signal that is not different from the wob-
ble signal in the reproduction operation can be obtained.
On the other hand, since noise is great in the recording
operation after the steady state, the gain of the variable
gain amp is preferable to be great. Thus, the wobble sig-
nal can be surely obtained, and as a result, the write
clock can be generated appropriately by increasing the
gain stepwise up to the gain level of reproduction oper-
ation.
[0021] According to yet another aspect of the present
invention, either one of the above write clock generation
circuits may be further characterized in that the gain
control circuit (23) varies gain steps and time intervals
of the variable gain amps to an extent in which the wob-
ble amplitude regulation AGC circuit can follow in the
particular period immediately after data-writing has
been started.
[0022] According to the above arrangement, the wob-
ble amplitude regulation AGC circuit can surely follow
the stepwise change in the gain of the variable gain amp.
The write clock can be generated appropriately.
[0023] According to yet another aspect of the present
invention, either one of the above write clock generation
circuits may be characterized in that the gain control cir-
cuit switches the gain of the variable gain amps before
data-writing is begun in accordance with whether a pre-
ceding region to data-writing starting position is data-
written or data-not-yet-written, so that amplitude of the
wobble signal immediately before the data-writing starts
and amplitude of the wobble signal immediately after the
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data-writing starts become substantially equal.
[0024] The gain of the variable gain amp before the
beginning of recording is switched in accordance with
whether the region immediately preceding to the data-
writing starting position is data-not-yet-written or data-
written, and the amplitudes just before and after the be-
ginning of recording (data-writing) are at the same level.
According to the above arrangement, regardless of the
recording state of the recording medium (data-not-yet-
written or data-written), the change in the wobble signal
just before and after the beginning of recording (data-
writing) can be reduced, and the gain change of the wob-
ble amplitude regulation AGC circuit can be made slow.
As a result, the high frequency deviation of the wobble
frequency can be reduced, which results in the genera-
tion of write clock with only small jitter.
[0025] According to yet another aspect of the present
invention, either one of the above write clock generation
circuits may further includes a PLL gain control circuit
that determines loop gain of the PLL circuit so as to in-
crease the loop gain in a predetermined time period im-
mediately after the beginning of data-writing.
[0026] The loop gain of the PLL circuit is increased
during a predetermined time period just after the begin-
ning of recording. According to the above arrangement,
the drawing-in capability of the PLL circuit is increased
during the time period in which the change in wobble
signal is expected to be great so as to prevent the PLL
circuit from being disengaged from the locked state, and
once the wobble signal becomes steady, a write clock
with only a small jitter can be generated.
[0027] According to yet another aspect of the present
invention, either one of the above write clock generation
circuit may be characterized in that the PLL gain control
circuit sets the loop gain of the PLL circuit at a high level
in a predetermined time period just after the beginning
of data-writing and then, sets the loop gain at a low level.
[0028] The loop gain of the PLL circuit is increased to
a high level just after the beginning of recording. Accord-
ing to the above arrangement, even if high frequency
deviation is caused in the binary wobble signal caused
by the change in quality and amplitude of the wobble
signal, the wobble signal can be prevented from being
disengaged from the locked state. In addition, once the
wobble signal becomes steady, the write clock with only
small jitter can be generated by lowering the gain.
[0029] According to yet another aspect of the present
invention, either one of the above write clock generation
circuits may be characterized in that the PLL gain control
circuit can change the loop gain of the PLL circuit step-
wise from the high level to the low level.
[0030] The loop gain of the PLL circuit is set at a high
level just after the beginning of recording. According to
this arrangement, even if the quality and amplitude of
the wobble signal changes when the operation is
switched from reproduction to recording and conse-
quently, high frequency deviation occurs in the made-
binary wobble signal, the wobble signal can be surely

prevented from being disengaged from the locked state.
Additionally, the preferable write clock with only small
jitter can be generated by lowering the loop gain step-
wise to the step in which the wobble signal becomes
steady.
[0031] According to an aspect of the present inven-
tion, an optical disk apparatus includes: a rotation mech-
anism that rotates a recording medium, wherein a wob-
bling track is formed on a recording surface of the re-
cording medium; an optical pickup comprising a photo
detector divided into at least two portions by a dividing
line in a tangential direction of the track, and a laser light
source that emits a laser beam to the recording medium;
a light source driving circuit that controls the light emis-
sion of the light source; and the write clock generation
circuit as claimed in claim 1 that receives signals output
by the divided photo detector, and outputs write clock to
the light source driving circuit.
[0032] Because the above write clock generation cir-
cuit is used, recording may not fail due to the disengage-
ment of the PLL circuit from the locked state. Addition-
ally, the recording quality when the recording is begun
can be retained at a high level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 is a block diagram illustrating the structure
of an optical disk apparatus according to a first em-
bodiment of the present invention;
FIG. 2 includes schematic diagrams for explaining
a recording medium and a divided photo detector
according to an embodiment;
FIG. 3 is a block diagram illustrating a write clock
generation circuit according to an embodiment;
FIG. 4 illustrates waveforms showing signals in a
steady state according to an embodiment;
FIG. 5 illustrates waveforms showing signals in
which VGA gain is fixed according to an embodi-
ment;
FIG. 6 illustrates waveforms showing signals in
which VGA gain is changed stepwise according to
an embodiment;
FIG. 7 is a block diagram illustrating a write clock
generation circuit according to a second embodi-
ment of the present invention;
FIG. 8 illustrates waveforms showing signals in re-
spective data-writing states according to a third em-
bodiment; and
FIG. 9 is a block diagram illustrating PLL circuit ac-
cording to a fourth embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0034] A first embodiment of the present invention is
described with reference to FIGs. 1-6. The structure and
function of an optical disk apparatus to which the
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present invention is applicable is described with refer-
ence to FIG. 1.
[0035] The optical disk drive is provided with a spindle
motor 2 that mainly constitutes a rotation mechanism
that rotates a rewritable recording medium 1 such as a
CD-R/RW and a DVD±R/RW. The optical disk drive is
further provided with an optical pickup 3 that applies a
beam spot of a laser beam emitted by a laser light
source (not shown) to the rotated recording medium 1,
and detects reflective light from the recording medium
1 using a divided photo detector (to be described below).
[0036] The following are connected to the optical pick-
up 3 in that order: a reproduction circuit 4 that filters a
detected reproduced signal and makes it into digital sig-
nal, and a decoder 5 that converts the data format of
user data component generated by the reproduction cir-
cuit 4. The data-format-converted user data component
can be transferred to an external host computer (not
shown) via a CPU 6.
[0037] On the other hand, information to be recorded
is transferred from the external host to an encoder 7 via
the CPU 6. The encoder 7 converts the data format of
the information, and a laser control circuit 8, that is, a
light source drive circuit controls the light emission of
the laser light source in the optical pickup 3 in accord-
ance with information bits thereby to writes the informa-
tion on the recording medium 1.
[0038] The optical disk drive is further provided with
an operation circuit 9 that generates servo signal based
on output signal obtained from the divided photo detec-
tor in the optical pickup 3. The optical disk drive is con-
figured to control the position of an optical lens (not
shown) in the optical pickup 3 by outputting the servo
signal to a servo circuit 10. This servo circuit 10 controls
the rotation of the spindle motor 2 based on write clock
signal obtained from PLL circuit 11.
[0039] The optical disk drive is also provided with a
wobble detection circuit 12 to which the output signal
from the divided photo detector is fed after the operation
by the operation circuit 9. The wobble detection circuit
12 extracts the wobble signal. The wobble signal output
from the wobble detection circuit 12 is fed to the PLL
circuit 11, which generates the write clock signal based
on the wobble signal. According to the above arrange-
ments, an accurate write clock in synchronization with
the rotation of the recording medium 1 can be generat-
ed. The PLL circuit 11 and the wobble detection circuit
12 constitutes a write clock generation circuit according
to the present invention.
[0040] Since the wobble signal contains physical ad-
dress information, the wobble signal is transferred to an
address detection circuit 13 and converted into address
information by an address decoder 14 thereby to repro-
duce address information of current accessing position.
[0041] An exemplary recording medium 1 and an ex-
emplary divided photo detector that are used for the
present embodiment are described with reference to
FIG. 2. As shown in FIG. 2 (a), a wobbling spiral track

or wobbling concentric tracks is formed on the recording
medium 1. As shown in FIG. 2 (b), the divided photo
detector 15 receives a reflective signal from the spot S
on the recording medium 1, and is provided with two
photo detection regions A and B divided by a division
line 16 corresponding the tangential direction of the
track. As shown in FIG. 2 (c), one of the simplest oper-
ations for obtaining the wobble signal is to produce the
difference (A-B) between photo detection amounts of
the photo detection regions A and B of the divided photo
detector. Of course, the photo detector of the optical
pickup 3 may be divided into 4 or more photo detection
regions, instead of two. In such a case, the 4 or more
photo detection regions may be grouped for the similar
operation in accordance with the two photo detection re-
gions divided by the division line 16.
[0042] Based on the above presumed configuration
of the optical disk drive, the write clock generation circuit
21 according to the present embodiment is structured
as shown in FIG. 3. As described above, the write clock
generation circuit 21 includes the wobble detection cir-
cuit 12 and the PLL circuit 11. The wobble detection cir-
cuit 12 is provided with two variable gain amps VGA 22a
and 22b to which output signals from the photo detection
regions A and B of the divided photo detector 15 of the
optical pickup 3 via the operation circuit 9. The variable
gain amps VGA 22a and 22b amplify or attenuate the
output signals from the photo detection regions A and
B in accordance with a desired gain. The wobble detec-
tion circuit 12 is further provided with a VGA gain control
circuit 23 that controls the gain of the variable gain amps
VGA 22a and 22b. The VGA gain control circuit 23 may
automatically control the gain of the variable gain amps
VGA 22a and 22b in accordance with the operational
state (writing or reading, for example) of the optical disk
drive. In this embodiment, the VGA gain control circuit
23 is configured to control the gain of the variable gain
amps VGA 22a and 22b based on an instruction from
the CPU 6.
[0043] A subtractor 24 is connected to the outputs
from the variable gain amps VGA 22a and 22b. The sub-
tractor 24 outputs the wobble signal by producing differ-
ence between the output signals from the variable gain
amps VGA 22a and 22b. A filter circuit 25 is connected
to the rear stage of the subtractor 24. The wobble signal
output by the subtractor 24 contains noise component
other than a real wobble signal caused by, for example,
the leakage of data signal written on the recording me-
dium and the DC offset due to positional deviation of the
optical pickup 3. The filter circuit 25 extracts only needed
frequency component. Particularly, the filter circuit 25
may be a combination of a low-pass filter LPF and a
high-pass filter HPF, or a band-pass filter BPF. After fre-
quency separation by the filter circuit 25, the wobble sig-
nal is fed to a wobble amplitude regulation AGC (auto-
matic gain control) circuit 26 that regulates the wobble
signal amplitude that is high enough to make the wobble
signal binary. A making-binary circuit 27 that makes the
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wobble signal into binary data is connected to the rear
stage of the wobble amplitude regulation AGC 26. The
PLL circuit 11 generates the write clock based on the
binary wobble signal output from the making-binary cir-
cuit 27. The filter circuit 25 may be provided after the
wobble amplitude regulation AGC circuit 26.
[0044] Based on the above configuration, signal
waveforms in a steady state (not immediately after the
switching between reproduction and recording, but a
predetermined time period after the switching in which
the wobble signal remains steady) are described with
reference to FIG. 4. As shown in FIG. 4(a), in a steady
state in which signal being reproduced from a recording
medium on which data has not yet been written (data-
not-yet-written medium), the DC level of the output sig-
nal from the divided photo detector 15 is low because
the laser power is low. At the output of the filter circuit
25 after the subtraction by the subtractor 24, the DC
component of the output signal from the divided photo
detector 15 has been removed, and only the wobble
component is extracted. The wobble signal is amplified
by the wobble amplitude regulation AGC circuit 26 (am-
plified from the dotted line to the block line) so that the
amplitude of the wobble signal is increased to a level
great enough to make the wobble signal binary or to de-
tect address information (the wobble signal of some for-
mat may contain address information superposed ther-
eon). At this time, the AGC gain is great.
[0045] On the other hand, as shown in FIG. 4 (b), in
a steady state in which data are being written to the re-
cording medium, the light emitting component of the la-
ser light source is superposed on the output signal from
the divided photo detector 15. Since the laser power is
great, the wobble component is also great. If the light
emitting component and the DC component are re-
moved by the subtractor 24 and the filter circuit 25, a
greater wobble signal can be obtained compared with
the state in which signal being reproduced from a data-
not-yet-written medium. Accordingly, the wobble ampli-
tude regulation AGC circuit 26 amplifies the wobble sig-
nal at a lower gain from the dotted line to the block line.
[0046] Referring to FIG. 5, a description is given about
the waveforms in the case in which, while the gain of the
variable gain amps VGA 22a and 22b is fixed, the oper-
ation is switched from reproduction to recording. The
waveforms in this case are similar to those of the steady
state in which signal being reproduced from a data-not-
yet-written medium (not-written reproduction steady
state) and those of the steady state in which data are
being written to the recording medium (recording steady
state) combined together. If the AGC is sustained at a
high level of the not-written reproduction steady state,
a wobble signal of great amplitude is input. The ampli-
tude of output from the wobble amplitude regulation
AGC circuit 26 becomes very great immediately after
the beginning of data-writing. As a result, jitter (deviation
over time) may be caused due to deviation (hysteresis,
for example) in slice voltage of the binary wobble signal

in the rear stage. The jitter may disengage locked write
clock, and makes the write clock unstable.
[0047] Taking the above problems into account, ac-
cording to the present embodiment, when the operation
is switched from reproduction to recording, the VGA
gain control circuit 23 changes stepwise the gain of the
variable gain amps VGA 22a and 22b in a predeter-
mined time period immediately after the beginning of da-
ta-writing. FIG. 6 shows an exemplary operation in
which the gain of the gain amp VGA 22a and 22b is
changed stepwise immediately after the beginning of
data-writing.
[0048] That is to say, since the wobble signal input to
the wobble amplitude regulation AGC circuit 26 is great
immediately after the beginning of data-writing, the gain
of the gain amps VGA 22a and 22b are set at a low level
for the meantime. According to this arrangement, wob-
ble signal that is at the same level as that during repro-
duction can be obtained. However, since noise compo-
nent due to the modulation of laser emission is great
during recording, the gain of the gain amp VGA 22a and
22b is preferably great when the operation change to
the recording steady state. Thus, the gain of the gain
amps VGA 22a and 22b is increased stepwise. The step
for which the gain is increased and time for which the
gain is kept constant may be determined so that the
wobble amplitude regulation AGC circuit 26 in the rear
stage can easily follow change in the gain, and the out-
put of the wobble amplitude regulation AGC circuit 26
does not change too much.
[0049] As described above, according to the present
embodiment, the gain of the VGA gain control circuit 23
is changed stepwise thereby to obtain the wobble signal
in a predetermined time period immediately after the be-
ginning of recording. The write clock is generated based
on the above wobble signal. According to this arrange-
ment, the change in wobble signal before and after the
beginning of recording can be reduced, and the change
in gain of the wobble amplitude regulation AGC circuit
26 can be made small and smooth. Therefore, even
when reproduction and recording are switched, the high
frequency deviation of the wobble frequency can be re-
duced, which results in the generation of write clock with
only small jitter. After the gain of the variable gain amps
VGA 22a and 22b is finally changed stepwise, the signal
level can be kept at preferable level in the recording.
Accordingly, steady write clock can be generated. In ad-
dition, the wobble amplitude regulation AGC circuit 26
can surely follow the stepwise change of the gain of the
variable gain amps VGA 22a and 22b. As a result, the
write clock can be appropriately generated. Further-
more, even if the wobble amplitude regulation AGC cir-
cuit 26 needs to be fine tuned, no special switching fea-
ture, for example, is required, and no special external
component is required. The write clock generation cir-
cuit can be embedded in a LSI.
[0050] A second embodiment of the present invention
is described below with reference to FIG. 7. Portions
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identical to those of the first embodiment are referred to
by the same reference symbols, and their description is
omitted. The order of the variable gain amps and the
subtractor is opposite in the present embodiment. The
difference between the output signals from the divided
photo detector 15 is generated by the subtractor 24 into
the wobble signal. The wobble signal is fed to the vari-
able gain amp VGA 22, and is amplified or attenuated
in accordance with the gain.
[0051] The operation of the write clock generation cir-
cuit according to the second embodiment is similar to
that of the write clock generation circuit according to the
first embodiment. According to the present embodi-
ment, since only one variable gain amp VGA is required,
the write clock generation circuit becomes smaller in cir-
cuit scale than the write clock generation circuit accord-
ing to the first embodiment, but is the same in effects.
[0052] A third embodiment of the present invention is
described below with reference to FIG. 8. In the present
embodiment, the gain of the variable gain amps VGA
22a and 22b (or 22) before the beginning of recording
is switched in accordance with whether the region pre-
ceding to the position at which recording is begun is a
data-not-yet-written region or a data-written region. Ac-
cording to the above arrangement, the amplitude of
wobble signal immediately before and after the begin-
ning of recording can be substantially the same level.
[0053] A detailed description is given with reference
to FIG. 8. FIG. 8 (a) shows waveforms in a steady state
in which signal being reproduced from the data-not-yet-
written medium (a recording medium on which data has
not yet been written), and FIG. 8 (b) shows waveforms
in a steady state in which signal being reproduced from
the data-written medium (a recording medium on which
data has been written). When signal is reproduced from
a data-written region, data signal component is super-
posed on the output signal from the divided photo de-
tector 15, and thus the average signal level of the data-
written region becomes smaller than that of the data-
not-yet-written region. Thus, the wobble signal becomes
small. In order to make the amplitude of the wobble sig-
nal immediately after the beginning of recording equal
to that of the wobble signal just before the beginning of
recording, the gain of the variable gain amps VGA 22a
and 22b (or 22) needs to be changed in accordance with
whether the region preceding to the data-writing starting
position is data-not-yet-written or data-written. Typically,
information about the region of the recording medium 1
in which data has been written (data-written) is availa-
ble. The setting of the VGA gain control circuit 23 may
be adjusted by the CPU 6, for example, in accordance
with the information.
[0054] According to the above arrangement, accord-
ing to the present embodiment, the change in the wob-
ble signal before and after the beginning of recording
can be reduced regardless of the recording state (data-
not-yet-written / data-written) of the recording medium
1, and the change in gain of the wobble amplitude reg-

ulation AGC circuit 26 can be small and smooth. Accord-
ingly, the high frequency deviation of the wobble fre-
quency can be reduced, which results in the generation
of write clock with only small jitter.
[0055] A fourth embodiment of the present invention
is described below with reference to FIG. 9. This em-
bodiment relates to the structure of the PLL circuit 11
provided in the write clock generation circuit 21. As
known, the PLL circuit 11 is basically a loop circuit pro-
vided with PD (phase comparator) 31, filter 32, VCO
(voltage controlled oscillator) 33, 1/n divider 34. The PLL
circuit 11 according to the present embodiment is pro-
vided with two or more filters 32a and 32b of which prop-
erties are different. PLL gain control circuit 35 can switch
the gain of the PLL circuit 11.
[0056] Generally, the PLL circuit only needs to follow
low frequency change in frequency caused by the rota-
tion of the recording medium 1. The loop gain is de-
signed to be relatively low in order to reduce the jitter of
the write clock. However, the quality and amplitude of
the wobble signal changes before and after the begin-
ning of reproduction and recording as described above.
As a result, high frequency deviation may be caused in
the binary wobble signal obtained from the make-binary
circuit 27. If the loop gain is unchanged, the PLL circuit
11 may easily be disengaged from locked state. In the
present embodiment, as described above, the loop gain
can be switched by the PLL gain control circuit 35.
[0057] The output signal of VCO (voltage controlled
oscillator) 33 is the write clock. The phase of 1/n-divided
write clock (n: division ratio that makes 1/n-divided write
clock is equal in frequency as wobble signal) output from
the 1/n-divider 34 is compared with the phase of the bi-
nary wobble signal output from the making-binary circuit
27 by the PD (phase comparator) 31. The result of the
comparison is provided to one of the multiple filters 32a
and 32b of which properties are different, and the output
signal from the one of the filters is fed to the VCO 33 so
as to determine the oscillation frequency of the VCO 33.
The multiple filters 32a and 32b are switched, or are
turned on/off, by the PLL gain control circuit 35 so as to
change the loop gain of the PLL circuit 11. Particularly,
the loop gain is increased just after the beginning of re-
cording (data-writing), and when the wobble signal be-
comes steady, the loop gain is decreased. If multiple
PLL gains are available, the loop gain may be reduced
stepwise after the beginning of recording in the same
manner as the variable gain amps VGA 22a and 22b.
[0058] As described above, according to the present
embodiment, the loop gain of the PLL circuit 11 is in-
creased in a predetermined time period just after the be-
ginning of recording. According to this arrangement, the
PLL circuit 11 can be prevented from being disengaged
from the locked state by increasing the drawing-in ca-
pability only during a time period in which the wobble
signal is expected to be great. At the same time, once
the wobble signal becomes steady, a preferable write
clock signal having only small jitter can be generated.
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INDUSTRIAL APPLICABILITY

[0059] According to an aspect of the present inven-
tion, the write clock is generated based on a wobble sig-
nal obtained by changing stepwise the gain of the vari-
able gain amps at the rear stage of the divided photo
detectors by the gain control circuit in a predetermined
time period just after the beginning of recording. Accord-
ing to this arrangement, the change in the wobble signal
can be reduced just before and after the beginning of
recording, and the change in the gain of wobble signal
amplitude regulation AGC circuit can be made slow. Ac-
cordingly, the high frequency deviation of the wobble fre-
quency can be reduced even when the operation is
switched between reproduction and recording, which re-
sults in the generation of write clock with only small jitter.
Once the gain of the variable gain amps is changed
stepwise for the last time, appropriate signal level can
be sustained, which results in the generation of steady
write clock.
[0060] According to another aspect of the present in-
vention, the write clock is generated based on a wobble
signal obtained by changing stepwise the gain of the
variable gain amps at the rear stage of the divided photo
detectors by the gain control circuit in a predetermined
time period just after the beginning of recording. Accord-
ing to this arrangement, although the write clock gener-
ation circuit becomes compact, the same function and
effect can be achieved.
[0061] According to yet another aspect of the present
invention, because the above write clock generation cir-
cuit is used, recording may not fail due to the disengage-
ment of the PLL circuit from the locked state. Addition-
ally, the recording quality when the recording is begun
can be retained at a high level.

Claims

1. A write clock generation circuit for generating write
clock from wobble signal based on a wobbling track
formed on a recording medium, comprising:

two variable gain amps that amplify respective
signals from a photo detector divided into two
portions by a dividing line in a tangential direc-
tion of the track at a determined gain;
a gain control circuit that determines the gain
of said variable gain amps in a particular period
immediately after the beginning of data-writing
by varying the gain of said variable gain amps
stepwise;
a subtractor that produces wobble signal by
subtracting outputs from said respective varia-
ble gain amps;
a wobble amplitude regulation AGC circuit that
automatically controls gain thereof so as to reg-
ulate amplitude of the wobble signal output

therefrom;
a making-binary circuit that digitizes signals
output from said wobble amplitude regulation
AGC circuit into made-binary wobble signal;
and
a PLL circuit that generates write clock using
the made-binary wobble signal as a reference.

2. The write clock generation circuit as claimed in
claim 1, wherein said gain control circuit once re-
duces the gain of said variable gain amps to a level
lower than a gain level of data-reading in the partic-
ular period immediately after the beginning of data-
writing, and increases stepwise the gain of said var-
iable gain amps to a gain level of data-reading.

3. The write clock generation circuit as claimed in
claim 1, wherein said gain control circuit varies gain
steps and time intervals of said variable gain amps
to an extent in which said wobble amplitude regu-
lation AGC circuit can follow in the particular period
immediately after data-writing has been started.

4. The write clock generation circuit as claimed in
claim 1, wherein said gain control circuit switches
the gain of said variable gain amps before data-writ-
ing is begun in accordance with whether a preced-
ing region to data-writing starting position is data-
written or data-not-yet-written, so that amplitude of
the wobble signal immediately before the data-writ-
ing starts and amplitude of the wobble signal imme-
diately after the data-writing starts become sub-
stantially equal.

5. The write clock generation circuit as claimed in
claim 1, further comprising a PLL gain control circuit
that determines loop gain of said PLL circuit so as
to increase the loop gain in a predetermined time
period immediately after the beginning of data-writ-
ing.

6. The write clock generation circuit as claimed in
claim 5, wherein said PLL gain control circuit sets
the loop gain of said PLL circuit at a high level in a
predetermined time period just after the beginning
of data-writing and then, sets the loop gain at a low
level.

7. The write clock generation circuit as claimed in
claim 6, wherein said PLL gain control circuit can
change the loop gain of said PLL circuit stepwise
from the high level to the low level.

8. A write clock generation circuit for generating write
clock from wobble signal based on a wobbling track
formed on a recording medium, comprising:

a subtractor that produces wobble signal by
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subtracting respective signals from a photo de-
tector divided into at least two portions with a
dividing line in a tangential direction of the
track;
a variable gain amp that amplifies the wobble
signal output from said subtractor at a deter-
mined gain;
a gain control circuit that determines the gain
of said variable gain amps in a particular period
immediately after data-writing has been started
by varying the gain of said variable gain amps
stepwise;
a wobble amplitude regulation AGC circuit that
automatically controls gain thereof so as to reg-
ulate amplitude of the wobble signal output
from said variable gain amp;
a making-binary circuit that digitizes signals
output from said wobble amplitude regulation
AGC circuit into made-binary wobble signal;
and
a PLL circuit that generates write clock using
the made-binary wobble signal as a reference.

9. The write clock generation circuit as claimed in
claim 8, wherein said gain control circuit once re-
duces the gain of said variable gain amp to a level
lower than a gain level of data-reading in the partic-
ular period immediately after data-writing has been
started, and increases stepwise the gain of said var-
iable gain amp to a gain level of data-reading.

10. The write clock generation circuit as claimed in
claim 8, wherein said gain control circuit varies gain
steps and time intervals of said variable gain amp
to an extent in which said wobble amplitude regu-
lation AGC circuit can follow in the particular period
immediately after data-writing has been started.

11. The write clock generation circuit as claimed in
claim 8, wherein said gain control circuit switches
the gain of said variable gain amp before data-writ-
ing is begun in accordance with whether a preced-
ing region to data-writing starting position is data-
written or data-not-yet-written, so that amplitude of
the wobble signal immediately before the data-writ-
ing starts and amplitude of the wobble signal imme-
diately after the data-writing starts become sub-
stantially equal.

12. The write clock generation circuit as claimed in
claim 8, further comprising a PLL gain control circuit
that determines loop gain of said PLL circuit so as
to increase the loop gain in a predetermined time
period immediately after the beginning of data-writ-
ing.

13. The write clock generation circuit as claimed in
claim 12, wherein said PLL gain control circuit sets

the loop gain of said PLL circuit at a high level in a
predetermined time period just after the beginning
of data-writing and then, sets the loop gain at a low
level.

14. The write clock generation circuit as claimed in
claim 13, wherein said PLL gain control circuit can
change the loop gain of said PLL circuit stepwise
from the high level to the low level.

15. An optical disk apparatus, comprising:

a rotation mechanism that rotates a recording
medium, wherein a wobbling track is formed on
a recording surface of the recording medium;
an optical pickup comprising a photo detector
divided into at least two portions by a dividing
line in a tangential direction of the track, and a
laser light source that emits a laser beam to the
recording medium;
a light source driving circuit that controls the
light emission of the light source; and
the write clock generation circuit as claimed in
claim 1 that receives signals output by the di-
vided photo detector, and outputs write clock to
said light source driving circuit.

16. An optical disk apparatus, comprising:

a rotation mechanism that rotates a recording
medium, wherein a wobbling track is formed on
a recording surface of the recording medium;
an optical pickup comprising a photo detector
divided into at least two portions by a dividing
line in a tangential direction of the track, and a
laser light source that emits a laser beam to the
recording medium;
a light source driving circuit that controls the
light emission of the light source; and
the write clock generation circuit as claimed in
claim 2 that receives signals output by the di-
vided photo detector, and outputs write clock to
said light source driving circuit.
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